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FIELD OF THE INVENTION 

The present invention relates generally to the field of animal models for human 
diseases. More specifically, it relates to a transgenic mouse usable as an animal 
10 model for hemangioendothelioma. 

BACKGROUND OF THE INVENTION 

Transgenic mice technology involves the introduction of new or altered genetic 

material into the mouse germ line. This results in lineages that carry the new 
15 integrated genetic material. 

Endoplasmic reticulum (ER) plays an important role in many functions of the 

cell. ER is not only the protein folding and processing machinery of the cell but it plays 

an important role in Ca 2+ storage and regulation of intracellular Ca 2+ homeostasis 

(Pozzan et al., 1994). It is also important in gene regulation (unfolded protein 
20 response) (Tirasophon et al., 1998; Welihinda et al., 1997). There are a number of ER 

resident proteins (including CRT) which are essential for the proper implementation of 

these functions. 

Studies on tumor angiogenesis have resulted in a significant progress in our 
understanding of the genetic and molecular mechanisms that control the development 

25 of the vascular system. The embryonic origin of the vascular system is best 
understood with respect to endothelial cells (Cleaver and Krieg, 1999). These cells 
are the defining cell types of the vascular system. During embryogenesis, these cells 
differentiate (from angioblast origin), migrate, and assemble into the vascular network. 
Subsequently pericytes are recruited to the periphery of the endothelium and 

30 differentiate into vascular smooth muscle cells (Manasek, 1971 ). 
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The formation of the vascular system is achieved by the coordination of two 
processes, namely vasculogenesis and angiogenesis (Risau and Lemmon, 1988), 
(Pardanaud et ah, 1989). Vasculogenesis is the first step in vascular development 
leading to layout of the initial primitive vascular network, the capillary plexus (Risau 
5 and Flamme, 1995). Angiogenesis is a later process, which involves the sprouting, 
branching and differential growth of blood vessels to form the mature vessel (Risau 
and Flamme, 1995). There are two types of angiogenesis: sprouting angiogenesis, 
involving true sprouting of capillaries from preexisting blood vessels, and non- 
sprouting angiogenesis (or intussusception) which involves the splitting of preexisting 

10 vessels (Folkman and Klagsbrun, 1987; Klagsbrun and D'Amore, 1991; Patan et al., 
1996). Vascularization of tissues like the yolk sac, embryonic brain, kidney, thymus, 
limb bud and intersomitic vessels are formed by sprouting angiogenesis (Ekblom et 
al., 1982; Le Lievre and Le Douarin, 1975; Bar, 1980; Joterau and Le Douarin, 1978; 
Stewart and Wiley, 1981; Coffin and Poole, 1988). However, in the developing lung, 

15 myocardium, chorioallantoic membrane, endothelial wound healing and the 
development of coronary arteries, vascularization occurs by non-sprouting, or 
intussusception angiogenesis (Flamme and Risau, 1992; Burri and Tarek, 1990; van 
Groningen et al., 1991; Patan et al., 1993; Patan et al., 1996; Reidy and Schwartz, 
1981; Bogers et al., 1989). 

20 A large number of molecules can affect angiogenesis and vasculogenesis, 

including a number of growth factors, their receptors, and components of the 
extracellular matrix (ECM) (reviewed in Cleaver and Krieg, 1999). The receptor 
tyrosine kinases expressed on the surface of endothelial cells also play important 
roles in initiating the program of endothelial cell growth during development and 

25 subsequent vascularization during wound healing and tumorigenesis. VEGF and its 
receptor Flk-1 are thought to be responsible for both primary vessel formations during 
vasculogenesis and angiogenic invasion of the developing organs (Flamme et al., 
1995; Cleaver et al., 1997; Cleaver and Krieg, 1999). Both Flk-1 and Flt-1 (placental 
growth factor receptor) are expressed exclusively in the endothelial cells (Flamme et 

30 al., 1995; Peters et al., 1993). Tie-2 is another receptor tyrosine kinase which is highly 
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expressed in the endothelial cells during embryogenesis and adult life (Davis et al., 
1996; Suri et al., 1996). This receptor and its ligands, angiopoietin-1 and 2, are 
involved in angiogenesis and later vascular remodeling (Dumont et al., 1995; Sato et 
al., 1995). Targeted disruption of the Tie-2 gene in mice resulted in embryonic lethality 
5 due to defects in the integrity of the endothelium, and consequently defects in cardiac 
and vascular development (Dumont et al., 1992; Dumont et al., 1994; Dumont et al., 
1995). These observations demonstrate that the Tie-2 signaling pathway plays a 
critical role in the differentiation, proliferation, and survival of endothelial cells as well 
as heart development in the mouse embryo (Dumont et al., 1994; Sato et al., 1995). 

10 Because gene targeted deletion of CRT results in similar cardiovascular defects in the 
embryos (Mesaeli et al., 1999), one may hypothesize that CRT plays a role in the 
growth factor signaling pathway. Indeed, an inverse relationship between expression 
of CRT and total cellular tyrosine phosphorylation level has been reported in cultured 
cells (Fadel et al., 1999) suggesting that the protein may affect tyrosine 

15 phosphorylation-dependent signaling. 

The ECM and cell adhesion proteins can also regulate the process of 
vasculogenesis and angiogenesis by modulating growth, differentiation and migration 
of the endothelial cells (Risau and Lemmon, 1988; Ausprunk et al., 1991). For 
example, fibronectin is essential for the assembly of the vessel (Risau and Lemmon, 

20 1988; Hynes, 1990), while collagen and laminin become important in later stages of 
vessel development (Hynes, 1990). Blocking of a 5 pi integrin function results in major 
defects in early vasculogenesis (Drake et al., 1992; Yang et al., 1993). Blocking the B 3 
family of integrins results in defects in angiogenesis and vascular cell survival (Brooks 
et al., 1994a; Brooks et al., 1994b). CRT may influence vessel formation through 

25 regulating the expression and function of cell adhesion proteins. For example 
differential expression of CRT affects integrin function (Leung-Hagesteijn et al., 1994 ; 
Coppolino et al., 1997). In addition, overexpression of CRT results in up-regulation of 
vinculin and N-cadherin (Fadel et al., 1999; Opas et al., 1996). It is still presently 
unclear if CRT alters angiogenesis through an effect on ECM or cell adhesion proteins 

30 or both. 
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SUMMARY OF THE INVENTION 

According to a first aspect of the invention, there is provided a transgenic 
mouse whose genome comprises 
5 a transgene comprising a transcriptional control region operably linked to a 

cDNA encoding calreticulin (CRT) wherein said control region comprises a promoter 

wherein expression of calreticulin in the vascular smooth muscle cells (VSMC) 
results in hemangioma formation. 

According to a second aspect of the invention, there is provided a transgene 
10 comprising a transcriptional control region operably linked to a cDNA encoding 
calreticulin wherein said control region comprises a SM22a promoter. 

According to a third aspect of the invention, there is provided a method for 
producing a transgenic mouse whose genome comprises CRT comprising: 

introducing into a fertilized mouse egg a transgene comprising a transcriptional 
15 control region operably linked to a cDNA encoding CRT wherein said control region 
comprises a promoter; 

transplanting the injected egg in a foster parent female mouse; and 

selecting a mouse derived from an injected egg whose genome comprises 

CRT. 

20 According to a fourth aspect of the invention, there is provided a method for 

screening compounds that inhibit vascular tumor formation in a transgenic mouse 
comprising 

providing a transgenic mouse whose genome comprises a transgene 
comprising a transcriptional control region operably linked to a cDNA encoding 
25 calreticulin (CRT); 

allowing CRT to be expressed in VSMC of said transgenic mouse 

administering a compound to said mouse; and 

determining whether said compound reduces hemangioma formation. 

According to a fifth aspect of the invention, there is provided a method of 
30 testing the therapeutic activity of a pharmacological agent on hemangioenothelioma 
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comprising administering an effective amount of said pharmacological agent to the 
mouse described above and evaluating said agent's effect on hemangioma formation 
of said mouse. In some embodiments, the hemangioenothelioma may be Kaposiform 
hemangioenothelioma. 

5 According to a sixth aspect of the invention, there is provided a method of 

inhibiting hemangioma formation comprising administering an effective amount of a 
matrix metalloproteinase inhibitor to a patient in need of such treatment. Chemical 
inhibitors of matrix metalloproteinase include MMP-2/MMP-9 inhibitor I (2R)-2-[(4- 
Biphenylylsulfonyl)amino]-3-phenylpropionic Acid, IC 5 o=240-350 nM), MMP-2/MMP-9 
10 inhibitor II (IC 50 =17-30nM), MMP-2/MMP-9 inhibitor III (IC 5 o=10mM), and 
Chlorhexidine (Dihydrochloride). Alternatively, adeno-associated virus can be used to 
deliver the cDNA of T1MP-1 (Tissue inhibitor of matrix metalloproteinase) or TIMP-2 
intravenously. 

Patients diagnosed with hemangioendothelioma due to the presence of skin 
15 lesions (red/blue nodule on the skin at early cases) or deep soft tissue tumor can be 
treated with these inhibitors and the effect on the tumor size and progress could be 
studied over time. 

According to a seventh aspect of the invention, there is provided a method of 
inhibiting hemangioma comprising administering to an individual in need of such 

20 treatment an effective amount of virally-administered small interference RNA (SiRNA) 
corresponding to a portion of CRT mRNA, wherein expression of the SiRNA 
decreases the level of CRT. The siRNA will be generated corresponding to the 
nucleotide 1916-1936 of the DNA sequence in Figure 16 (sequences of sense 5'-GCU 
GAU CGU GCG GCC GGA CAA dTT 3', and anti-sense 5'- UUG UCC GGC CGC 

25 ACG AUC AGC dTT 3' ). This siRNA has been shown to significantly diminish the 
expression of CRT (Troussard et.al., 2003) 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1- Schematic diagram showing the possible mechanism for the development of 
30 hemangioendothelioma in the SMCRT mice. Yellow boxes are items which will be 
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tested. 

Fig. 2. PCR and western blot showing the genotype and the expression of HA-CRT in 
the tissue from SMCRT transgenic (Tg) mice and non transgenic litter-mate (Non-Tg). 

5 A) Genomic DNA isolated from tail biopsy was used as a template for PCR with 
primers for HA and CRT cDNA. B) A piece of tail biopsy (containing tail vessels) or 
descending aorta was homogenized in RIPA buffer, containing protease inhibitors, 
and centrifuged to remove cellular debris. 20//g of protein was then separated on 10% 
SDS acrylamide gel and transferred to nitrocellulose membrane. Membranes were 

10 probed with a polyclonal anti-HA antibody. 

Fig. 3. Skin hemangioma in two lines of the SMCRT transgenic mice. The mouse in 
A showing the presence of smaller skin lesion, it also had a hemangioendothelioma in 
the chest originating from the aorta. B and C are images of the same mouse showing 
15 a larger hemangioma on the skin. This mouse was anesthetized and shaved to be 
able to see the size of the tumor. Arrows in C shows some of the skin vasculature 
surrounding the tumor. This mouse also had a large tumor originating from the heart 
which has also invaded the lungs. 

20 Fig. 4. Histological structure of the Lungs from the wild type (A, B, C) and SMCRT 
(D, E, F) age matched mice. The SMCRT lung is congested and there is less alveolar 
spaces. Images are taken at three different magnifications (A, D) at 10x, (B, E) are at 
20x and (C, F) are at 40x. 

25 Fig. 5. Picture of the kidney (A) from a SMCRT mouse showing hemorrhage from the 
renal vessels and sub-capsule bleeding (blood clot, arrows) in the kidney. (B, C) show 
histology of the kidney from an adult wild type and SMCRT mice kidneys, zooming on 
the kidney cortex and capsule. Arrows in (C) shows the accumulation of blood in the 
kidney capsule of the SMCRT kidney. Arrowheads in B.C show the normal tissue of 

30 the kidney cortex. 
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Fig. 6. Histological structure of the kidney from wild type (A, B, C, D) and a SMCRT 
mouse (E, F, G, H). (A, B) and (E, F) are images from the medulla of the kidney, 
arrow heads pointing to the kidney tubules in the inner medulla while arrows in (E, F) 
5 points to the blood accumulation in the medulla and necrotic region. (C, D) and (G, H) 
are images from the kidney outer medulla. Arrows in (G, H) show the necrotic area 
and bleeding in this region of the SMCRT, while the arrow heads show the normal 
tissue. 

10 Fig. 7. Histological structure of the kidney glomeruli from wild type (A) and a 
SMCRT mouse (B). Arrows in B point to accumulation of blood in the glomeruli of the 
kidney of the SMCRT mice. This could be due o formation of thrombus in the 
glomerulus of the kidney. 

15 Fig. 8. Heart and coronary artery structure in (A) wild type and (B, C) transgenic 
mice overexpressing calreticulin in the vascular smooth muscle cells (SMCRT). (A) 
and (B) are hearts freshly isolated from age-matched mice, while the heart in (C) is a 
picture from a formalin preserved heart. In the SMCRT hearts there is an increased 
coronary artery vascularization (arrowheads in B). The SMCRT hearts were also 

20 dilated as compared to wild type hearts. As seen in (C) we also observed ruptured 
coronary artery in some of the hearts from end stage of disease (mouse were dying) 
(Arrow in C). 

Fig. 9. Histological section from a papillary muscle in the heart of wild type (A, B) and 
25 SMCRT transgenic mice (C.D). A and C are at 20x magnification while B and D are at 
higher magnification (40x). The SMCRT heart muscle (C.D) shows increased 
interstitial spaces between the muscle fibers and around the coronary artery when 
compared to the wild type heart muscle (A.B). 

30 Fig. 10. Giant hemangioma associated with the hearts isolated from two different 



lines of transgenic mice overexpressing calreticulin in the vascular smooth muscle 
cells (SMCRT) (B,C). A and B are images of the same heart showing the size of the 
hemangioma. This structure appears in all the SMCRT mouse lines we have (4 
different lines). It increases in size by age. The heart in (C) was isolated from one 

5 SMCRT mouse before it showed the symptoms of heart failure, and the picture was 
taken from freshly isolated tissue. Arrows in (D) and (E) show the origin of this 
hemangioma to be from the aorta (in two different heart). Arrowhead in (E) points to 
the dilated coronary artery in this heart. F) shows a higher magnification of this 
structure. All tissues in (A, B, D and F) were preserved in formalin. L = Lung, Ha= 

10 Hemangioma, V= ventricle 

Fig. 11. Histology of the giant heamangioma (hemangioendothelioms) shown in Fig. 
10F. (A, B, C, D) show different cell types found in the lumen of this tumor. Arrow 
heads in (A), (B) and (D) show cells which look more like epithelial cells, while the 
15 arrow head in C show other cell type which resemble mesenchymal cells. The blue 
arrows in A,B, and C show the red blood cells which is also part of this tumor. The 
surface of this tumor is covered with a single layer of cells resembling endothelial cells 
(Arrows in E and F). This hemangioendothelioma also contains lumen like-structures 
(D) which are lined by endothelial-like cells (arrows in D). 

20 

Fig. 12. Histological structure of coronary artery (A, A', B, B') and a kidney arteriole 
(C, C, D, D'). The upper panel (A, A' and C, C) are from a wild type mouse and the 
lower panel (B, B', C, C) are from a SMCRT mouse. As seen in (B, B') there is a 
larger interstitial space between the coronary artery and the myofibers in the SMCRT 
25 mouse as compared to the wild type (A,A'). The same can also be seen in the kidney 
arteriole from the SMCRT mouse compared to the wild type. Higher magnification 
images of the arterial walls (A*, B', C, D') show some changes in the structure of the 
vessel wall. To understand the nature of these changes we will use 
immunohistochemistry to analyze the expression of the extracellular matrix proteins. 
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Figure 13- Masson Trichrome staining of lung sections of wild type (A) and SMCRT 
(B), showing the changes in the arteriole walls of the transgenic mice. Arrows (Green) 
indicates the disruption in the smooth muscle layer and migration of the endothelial 
cells thus developing a pouch containing red blood cells (lined by the arrow heads in 
5 B) which can lead to the formation of hemangioma. 

Figure 14- Western blot analysis showing connexion 43 expression in the vascular 
smooth muscle cells (A) and hearts (B) isolated from the wild type and SMCRT 
mice. There was a significant decrease in the connexion 43 protein in the transgenic 
1 0 mice as compare to the wild type mice. 

Fig. 15. Gelatin Zymography detecting the MMP-2 and MMP-9 activity in liver (A) and 
lung (B) tissue isolated from the wt and SMCRT mice. C) shows the activity of MMP- 
2 in the culture media from the wt and SMCRT smooth muscle cells detected by 

15 gelatin zymography. Briefly, cells were cultured in DMEM containing Insulin and 
transferrin for 24 hrs. 30 ul of media from culture plate with no cells (Media), wt cells 
and SMCRT cells (or 30 ug protein from each tissue) were separated on 7.5% SDS- 
acrylamide gel containing 1mg/ml Gelatin. After removal of SDS from the gel (to re- 
nature the proteins) , it was incubated in zymography buffer overnight at 37*C. The 

20 gels were then stained with Coomassie Blue and de-stained. The white bands 
represent the activity of MMP in the sample. 

Figure 16 - Nucleotide and amino acid sequence of SM22a-CRT (SEQ ID No. 1). 

25 Figure 17 - Nucleotide and amino acid sequence of SM22a-CRT-HA (SEQ ID No. 2). 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Unless defined otherwise, all technical and scientific terms used herein have 
the same meaning as commonly understood by one of ordinary skill in the art to which 
30 the invention belongs. Although any methods and materials similar or equivalent to 
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those described herein can be used in the practice or testing of the present invention, 
the preferred methods and materials are now described. All publications mentioned 
hereunder are incorporated herein by reference. 

As used herein, "calreticulin" or CRT, depending on the context, refers to a 

5 peptide encoding CRT as shown in Figure 16 or 17, a cDNA encoding CRT as shown 
in Figure 16 or 17, a cDNA molecule deduced from said peptide sequence, or a 
bioactive fragment or mutant or variant, either inter-species or intra-species, form 
thereof. As will be appreciated by one of skill in the art, a variant may be CRT from a 
different species which has at least 60% homology, or at least 70% homology or at 

10 least 80% homology to CRT amino acid sequence shown in Figure 16 (SEQ ID No.3) 
or is a peptide known or believed to be related to or functionally homologous to CRT 
or a bioactive fragment thereof. As used herein, "bioactive" with regard CRT indicates 
that the fragment or mutant form of CRT retains substantially normal or biological 
CRT activity. 

15 As used herein, "Kasbach-Merritt Syndrome" refers to a syndrome 

characterized by very extensive and progressively enlarging vascular malformation 
that may involve large portions of the patient's extremities. In this syndrome, bleeding 
is secondary to disseminated intravascular coagulation triggered by stagnant blood 
flow through the tortuous vessels. 

20 As used herein, "hemangiomas" refer to tumor-like clusters of proliferating 

capillaries or abnormally dense collections of dilated small blood vessels that occur in 
skin or internal organs. Hemangiomas may be for example surface hemangiomas or 
cavernous hemangiomas. Kaposiform hemangioendothelioma (KHE) refers to a very 
aggressive form of hemangioma, often accompanied by platelet trapping and 

25 thrombocytopenia. 

As used herein, "hemangioendothelioma" refers to proliferative and neoplastic 
vascular lesions, including hemangiomas. 

Described herein is the preparation of a transgenic mouse arranged to express 
calreticulin (CRT) in vascular smooth muscle cells. This results in a mouse having 

30 symptoms similar to Kasbach-Merritt Syndrome. By expressing CRT in vascular 



11 

smooth muscle cells, transgenic mice usable as animal models for 
hemangioendothelioma can be prepared. That is, the transgenic mouse can be used 
to study many aspects of hemangioendothelioma, including the molecular mechanism 
of tumor formation, cell type involvement and efficacy of potential treatments. 
5 The CRT is stably integrated within the SMCRT mouse genome, meaning that 

any offspring mice will express the same traits as their parents. Thus, the obtained 
transgenic mice can be used to conduct experiments with extremely high 
reproducibility. 

In one embodiment of the invention, there is provided a transgenic mouse 

10 whose genome comprises a transgene comprising a transcriptional control region 
operably linked to a cDNA encoding calreticulin (CRT) wherein said control region 
comprises a promoter wherein expression of calreticulin in the vascular wall results in 
hemangioma formation. In some embodiments, the promoter is a vascular smooth 
muscle-specific promoter, for example, SM22a promoter. As will be appreciated by 

15 one of skill in the art, the cDNA encoding CRT may be as shown in Figure 16 or may 
be deduced from the amino acid sequence of CRT as shown in Figure 16. In other 
embodiments, the cDNA sequence within the transgene may include sequence 
variations, for example, mutations and deletions, which do not significantly affect or 
alter the normal, biological function of CRT. 

20 In another embodiment of the invention, there is provided a transgene 

comprising a transcriptional control region operably linked to a cDNA encoding 
calreticulin wherein said control region comprises a SM22a promoter, as shown in 
Figure 16. In another embodiment, the transgene includes a tag for distinguishing 
between transgenic CRT and endogenous CRT, as shown in Figure 17 and as 

25 discussed below. In the embodiment shown in Figure 17, the tag is HA although other 
suitable tags known in the art may also be used. 

In another aspect of the invention, there is provided a method for producing a 
transgenic mouse whose genome comprises CRT comprising: introducing into a 
fertilized mouse egg a transgene comprising a transcriptional control region operably 

30 linked to a cDNA encoding CRT wherein said control region comprises a promoter; 
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transplanting the injected egg in a foster parent female mouse; and selecting a mouse 
derived from an injected egg whose genome comprises CRT. As will be appreciated 
by one of skill in the art, the transgene may be introduced into the mouse egg by any 
of a number of suitable methods known in the art. 
5 In another embodiment of the invention, there is provided a method for 

screening compounds that inhibit vascular tumor formation in a transgenic mouse 
comprising providing a transgenic mouse whose genome comprises a transgene 
comprising a transcriptional control region operably linked to a cDNA encoding 
calreticulin (CRT); allowing CRT to be expressed in said transgenic mouse 

10 administering a compound to said mouse; and determining whether said compound 
reduces hemangioma formation. In these embodiments, the hemangioma in the 
mouse treated with the compound may be compared to hemangioma in an untreated 
control and the difference between the treated mouse and untreated control used to 
determine efficacy of the compound. Examples of human vascular tumors include but 

15 are by no means limited to cavernous hemaginoma, Kaposi's sarcoma or those 
characterizing Kasabach-Merritt syndrome. 

In one embodiment of the invention, there is provided a method of inhibiting 
hemangioma formation comprising administering an effective amount of a matrix 
metalloproteinase inhibitor to a patient in need of such treatment. As discussed below, 

20 transgenic mice expressing CRT show increased matrix metalloproteinase-2 (MMP-2) 
and matrix metalloproteinase-9 (MMP-9) activity compared to wild type mice. Thus, 
inhibiting MMP activity will accomplish at least one of the following: reduce frequency 
of hemangioma formation, reduce size and/or severity of hemangioma, inhibit or 
reduce hemangioma formation, and treat or ameliorate at least one symptom 

25 associated with hemangioma formation. 

Chemical inhibitors of matrix metalloproteinase include but are by no means 
limited to MMP-2/MMP-9 inhibitor I (2R)-2-[(4-Biphenylylsulfonyl)amino]-3- 
phenylpropionic Acid, IC 50 =240-350 nM), MMP-2/MMP-9 inhibitor II (IC 50 =17-30nM), 
MMP-2/MMP-9 inhibitor III (IC 5 o=10uM), and Chlorhexidine (Dihydrochloride). 

30 Alternatively, adeno-associated virus can be used to deliver the cDNA of TIMP-1 
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(Tissue inhibitor of matrix metalloproteinase) or TIMP-2 intravenously. As will be 
appreciated by one of skill in the art, the concentrations provided above are for 
illustrative purposes only and the exact dosage that comprises an "effective amount" 
of an MMP inhibitor may vary according to the weight, health, age and/or overall 
5 condition of a patient, but will be the dosage that is sufficient to complete the intended 
purpose, that is, inhibit hemangioma formation as discussed above. 

Patients diagnosed with hemangioendothelioma due to the presence of skin 
lesions (red/blue nodule on the skin at early cases) or deep soft tissue tumor can be 
treated with these inhibitors and the effect on the tumor size and progress could be 

10 studied overtime. 

In another embodiment of the invention, there is provided a method of inhibiting 
hemangioma comprising administering to an individual in need of such treatment an 
effective amount of virally-administered small interference RNA (siRNA) 
corresponding to. a portion of CRT mRNA, wherein expression of the siRNA 

15 decreases the level of CRT. Efficient and stable expression of siRNA can be achieved 
by gene delivery using means known in the art, for example, using lentiviral plasmids 
which are available commercially (Invitrogen). 

In another embodiment of the invention, there is provided a method of testing 
the therapeutic activity of a pharmacological agent on hemangioenothelioma 

20 comprising administering an effective amount of said pharmacological agent to the 
above-described transgenic mouse and evaluating said agent's effect on 
hemangioma formation of said mouse. As will be appreciated by one of skill in the art, 
the evaluation may comprise detecting for example a decrease in hemangioma size 
or formation compared to an untreated or mock-treated control. It is important to note 

25 that in the process, the control does not necessarily need to be repeated with each 
trial. It is of note that the pharmacological agent may be for example a peptide or 
peptide fragment, a small molecule, a chemical compound, a nucleic acid or the like. 

Several lines of evidence suggest a role for calreticulin (CRT) in the process of 
angiogenesis by affecting cell adhesion, migration and proliferation. CRT is expressed 

30 in different cells of the vascular wall (Mesaeli and Michalak, 1995; Mesaeli et al., 
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1999; Milner et al., 1991; Tharin et al., 1992). CRT gene is also activated in the 
vascular bed early in mouse development (Mesaeli et al., 1999). Exogenously added 
CRT to the vascular cells or vessel lumen alters different aspects of vascular function. 
For example, in adult rats, exogenously added CRT acts as a vascular regulatory 

5 protein by reducing intimal hyperplasia (restenosis) after arterial injury (Dai et al., 
1997). It also selectively inhibits endothelial cell proliferation when added to the 
endothelial culture media (Pike et al., 1999). Although these data postulate a role for 
CRT in the angiogenic process, direct evidence is not available. To investigate the 
role of CRT in vascular cell function, we generated a transgenic mouse 

10 overexpressing CRT in the vascular smooth muscle cells (hereafter will be referred to 
as SMCRTj using a truncated form of the SM22a promoter. These mice die at an 
adult stage. The overall symptoms of these mice are similar to the symptoms of the 
human patients with Kasabach-Merritt Syndrome. The main abnormality in the 
SMCRT mice is the development of "Giant hemangioma" associated with the outflow 

15 tract of the heart and the presence of hemangioma on the skin. Our results also show 
increased branching and vascularization of the coronary arteries accompanied by 
dilation of the heart. Other phenotypes of these mice are lung and kidney congestion 
(resembling congestive heart failure). In mice at an end stage of the disease, we have 
observed blood clots in the adipose tissue surrounding the kidneys and the presence 

20 of blood clots in the kidney capsule. These defects indicate vascular wall remodeling 
accompanied by increased microvascular permeability leading to tumor formation in 
these mice. 

CRT is a ubiquitous eukaryotic protein which shares a high degree of identity 
among all the different species (Michalak, 1996). CRT is the product of translation of a 

25 single mRNA (Michalak, 1996), resulting in a 46 kDa protein which is localized to the 
lumen of ER and nuclear envelope (Michalak et al., 1992; Milner et al., 1992; 
Michalak, 1996). Several unique functions have been postulated for CRT (reviewed in 
Michalak et al., 1999), including chaperone activity (Nauseef et al., 1995; Nigam et al., 
1994; Hebert et al., 1997), regulation of cell adhesion (Coppolino et al., 1995; 

30 Coppolino et al., 1997; Opas et al., 1996), modulation of steroid mediated gene 
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expression (Burns et al., 1994; Dedhar et al., 1994; Michalak et al., 1996; Wheeler et 
al., 1995; Winrow et al., 1995), and regulation of Ca 2+ homeostasis (Bastianutto et al., 
1995; Camacho and Lechleiter, 1995; Coppolino et al., 1997; Liu et al., 1994; Mery et 
al., 1996). 

5 Chaperone function of CRT - CRT is a lectin-like chaperone (Hammond and 

Helenius, 1995; Peterson et al., 1995; Spiro et al., 1996), involved in the "quality 
control" process during the synthesis and folding of a variety of proteins including cell 
surface receptors, integrins and transporters (Helenius et al., 1997). CRT binds the 
terminal glucose of the oligosaccharide moiety of the unfolded protein. During the 

10 folding process, the newly synthesized protein can go through many cycles of binding 
and release from the lectin-like chaperone by removal and addition of this terminal 
glucose (involving glucosidase I and II, and UDP-glucose transferase, respectively). 
This results in the proper processing of the protein. If the protein is misfolded, it will 
accumulate in the cell triggering an "unfolded protein response" and starting protein 

15 degradation. In the CRT null mouse embryonic fibroblast cells, we have observed an 
increase in the expression of a number of ER chaperones; however the function of 
these chaperones seems to be compromised (Mesaeli et al., 2000). Indeed, the 
unfolded protein response in these cells is stimulated as evident by a significant 
(100%) increase in the expression of BiP (Grp78) (Mesaeli et al., 2000). CRT has 

20 been shown to be bind to glycosylated laminin in the ER (McDonnell et al., 1996) 
perhaps affecting its folding. Overexpression of CRT has been shown to increase the 
level of pro-MMP2 protein (Ito et al., 2001). Other proteins which have been shown to 
be malformed in absence of CRT includes: bradykinin receptor (Nakamura et al., 
2001b), MHC class I protein (Gao et al., 2002), IP 3 receptor (all three isoforms) 

25 (Paziuk and Mesaeli, 2002), and connexin 43 protein which fails to localize to the cell- 
cell junction in the heart (Ahmadi et al., 2002). Interestingly, overexpression of CRT in 
the hearts of transgenic mice resulted in a decrease in the expression of connexin 40 
and 43 (Nakamura et al., 2001a). 

CRT and cell adhesion - The first evidence for the possible role of CRT in cell 

30 adhesion came from in vitro studies designed to identify the cellular proteins which 
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bind to KxFF(k/R)R peptide (Rojiani et al., 1991), a consensus sequence in the C- 
terminal tail of the a-subunit of integrin. However, recent reports indicate that CRT 
may influence cell adhesion indirectly via modulation of gene expression of adhesion 
related molecules (Fadel et al., 1999; Opas et al., 1996), or by changes in the 

5 integrin-dependent Ca 2+ signaling (Coppolino et al., 1997). Overexpression of CRT 
results in up-regulation of vinculin and N-cadherin (Fadel et al., 1999; Opas et al., 
1996), resulting in an increase in cell-substratum attachment. Down regulation of CRT 
results in an opposite effect (Leung-Hagesteijn et al., 1994; Opas et al., 1996). Protein 
tyrosine phosphorylation/dephosphorylation comprises one of the major mechanisms 

10 in regulating cell adhesion (Burridge and Chrzanowska-Wodnicka, 1996), (Cox and 
Huttenlocher, 1998; Daniel and Reynolds, 1997). Previously, we have reported a 
significant decrease in the level of tyrosine phosphorylation in fibroblast cells 
overexpressing CRT (Fadel et al., 1999) which coincided with changes in cell 
adhesiveness. 

15 CRT and intracellular Ca 2+ - CRT was initially discovered as a Ca 2+ binding 

protein in the lumen of ER (Ostwald et al., 1974), (Michalak et al., 1980). The protein 
has two Ca 2+ binding sites: a high affinity, low capacity site and a low capacity, high 
affinity site (Ostwald et al., 1974), (Baksh and Michalak, 1991). Overexpression of 
CRT results in an increased level of intracellular Ca 2+ , however, it does not affect the 

20 cytosolic free Ca 2+ concentration (Bastianutto et al., 1995), (Mery et al., 1996), 
(Michalak et al., 1996; Opas et al., 1996). Knockout of the CRT gene did not result in 
a change in the Ca 2+ storage capacity of the ER in ES cells and in mouse embryonic 
fibroblast cells (Coppolino et al., 1997; Mesaeli et al., 1999). However, CRT deficient 
mouse embryonic fibroblast cells have decreased agonist-mediated IP3-dependent 

25 Ca 2+ release from ER (Mesaeli et al., 1999). CRT deficient ES cells also showed a 
defect in integrin mediated Ca 2+ signaling (Coppolino et al., 1997). These results 
suggest a change in the expression of CRT can alter cellular Ca 2+ homeostasis which 
in turn can affect many cell signaling pathways including cell adhesion (via integrin). 
SMCRT transgenic mice- A truncated SM22a promoter (445 base pairs of 

30 the 5' flanking region) which has been shown to target the Lac Z reporter gene 
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expression in the vascular smooth muscle cells (specifically in the arterial side) but 
not other smooth muscle cells in the mouse embryo (Li et al., 1996) was used. We 
obtained this promoter from Dr. E. Olson (Southwestern Medical Centre, University of 
Texas, Dallas, USA) and cloned it upstream of mouse CRT cDNA tagged with HA 
5 epitope (HA-CRT). The epitope tag was used to differentiate between the expression 
of the transgene and the endogenous CRT. However, as will be appreciated by one of 
skill in the art, any suitable tag known in the art may be used if so desired. This 
plasmid was then used to generate a transgenic mouse overexpressing HA-CRT 
(SMCRT) in the vascular smooth muscle cells. The genotype of these mice was 

10 confirmed by PCR of the genomic DNA with primers specific to the sequence of 
SM22a (5' primer) and CRT (3' primer). The expression of the HA-CRT in these mice 
was detected using western blot with a polyclonal antibody to HA (Fig. 2). The 
heterozygous SMCRT mice develop abnormalities at an adult stage (about 4-10 
months old). The older mice become lethargic and inactive. Most of the male 

15 heterozygous animals develop skin lesions (Fig. 3) and hemangioma which can be 
detected on the skin. These mice suffer from lung congestion (Fig. 4) and kidney 
thrombosis (Fig. 5), symptoms resembling congestive heart failure. The evidence of 
heart failure is also observed in older (10-12 months) female heterozygous mice. 
Analysis of the kidney of the SMCRT mice showed hemorrhage from renal vessels in 

20 the renal adipose tissue and the presence of thrombus inside the kidney capsules 
(Fig. 5A, C). Histological analysis of the kidneys from the mice at end stage disease 
showed necrosis in the kidney medulla and cortex (Fig. 6B, C). There was also 
increased blood accumulation in the kidney glomeruli (Fig. 7B) of the SMCRT mice as 
compared to the wild type glomeruli (Figure 7A). This could result in thrombosis in 

25 glomeruli. Histological analysis (Hematoxylin/Eosin) of the lungs of these mice we 
have seen congestion of the lungs and accumulation of blood in the alveoli (Fig. 4). 

There are also defects in the heart of the SMCRT mice including: heart dilation, 
increased vascularization of the coronary arteries and rupture of coronary artery in 
some of these mice (Fig. 8). We also observed changes in the ultrastructure of the 

30 myocardium (Fig. 9) with increased interstitial spaces. However, the major defect in 
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these mice is the presence of Giant hemangioma in the chest (Fig. 10). The giant 
hemangioma originates from the base of the aorta (Fig. 10 D and E). We have 4 
different lines of the SMCRT transgenic mice and all four develop the giant 
hemangioma. The overall symptoms of these mice are similar to the Kasabach-Merritt 
5 Syndrome, the pathology of which includes: giant hemangioma with consumptive 
coagulopathy disseminated intravascular coagulation, and congestive heart failure. 
The Kasabach-Merritt Syndrome is more common in female infants. However, in the 
SMCRT mice the earliest evidence for the development of hemangioma we observed 
was at 3 months old male mice. Recently, Kasabach-Merritt Syndrome has been 

10 associated with two distinct vascular tumors: the Kaposiform hemangioendothelioma 
and tufted angiomas (Enjolras et al., 1997). Tufted angioma is a benign slow growing 
angioma found in young patients which is localized to the skin and subcutaneous 
tissue (Jones and Orkin, 1989). The Kaposiform hemangioendothelioma is an 
aggressive vascular tumor which can occur in soft tissue of the trunk, extremities and 

15 retroperitoneum (for review see Gampper and Morgan, 2002). The 
hemangioendothelioma occurs with similar frequency in both sexes and can develop 
at birth or later in life (Gampper and Morgan, 2002). This vascular tumor is associated 
with a high mortality rate and treatment is often inadequate (Powell, 1999). The 
histopathology reports on the Kaposiform hemangioendothelioma show that this 

20 tumor is surrounded by a thin-walled vessel lined by endothelial cells and filled with 
erythrocytes, thrombus, and sheets of cells (epithelioid and mesenchymal) (Perkins 
and Weiss, 1996). The molecular mechanism of development of the 
hemangioendothelioma is not known. 

Histological analysis (Hematoxylin/Eosin) of the hemangioendothelioma 

25 isolated from the heterozygous SMCRT mice (Fig. 11) shows the presence of a 
vessel like structure covered with a layer of cells resembling endothelial cells (Fig. 
1 1E, F). We also observed the appearance of several lumen-like structures inside this 
tumor which is also lined with endothelial-like cells (Fig. 11D). The presence of blood 
cells (blue arrows in Fig. 11 A, B and C) and different types of cells (resembling 

30 epithelial cells, Arrow head in Fig. 11 A, 11B, 11D and mesenchymal cells Arrow head 
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in Fig. 11C) were also detected. Histological sections of coronary artery (Fig. 12A) 
and kidney arteriol (Fig. 12B) shows an increase in the connective tissue around 
these vessels and changes in the structure of the smooth muscle layer of these 
vessels. The increased expression of CRT in the vascular smooth muscle cells results 

5 in the disruption of the smooth muscle layer (Fig. 13B, C). These changes lead to 
activation of the endothelial cells to proliferate and migrate through the smooth 
muscle cells (Fig. 13 C) resulting in the formation of hemangioendothelioma. The 
observed defects in the SMCRT mice indicate vascular wall remodelling which could 
cause the increased permeability of blood vessels in the SMCRT mice. Also the 

10 presence of such a large tumor in the vascular system can cause changes in the 
intravascular pressure (leading to hypertension) which can also result in some of the 
observed defects. Indeed one case report showed the development of 
hemangioendothelioma from thoracic aorta of a 54 years old woman which led to 
aortic obstruction, hypertension and congestive heart failure (Traverse et al., 1999). 

1 5 Therefore, we will study changes in blood pressure in these mice. The SMCRT mouse 
is a unique mouse model which is proving very interesting and to our knowledge is the 
only animal model for the hemangioendothelioma. 

To identify all the cell types involved in the formation of this tumor we will use 
cell specific antibodies for immunohistochemical staining. We will isolate the tumor 

20 and areas of the skin with hemangioma from the SMCRT mice. This tissue will be 
fixed in 4% paraformaldehyde and processed for freezing in Tissue Tec as described 
previously (Mesaeli et al., 1999). Thin cryosections (7-10 //m) will then be prepared 
and incubated with the following antibodies: CD31, CD34 (BD Biosciences) and von 
Willebrand factor (Dako) as endothelial markers, smooth muscle actin (Sigma), 

25 vimentin as mesenchymal cell marker (Chemicon) and RTU-ESA (Vector 
Laboratories) as epithelial specific marker. This staining will be followed by FITC (or 
Texas red) labeled secondary antibodies. The nuclear stain DAPI will be used to 
localize the nuclei in each section. The confocal images from the FITG (or Texas red) 
signal and DAPI will then be superimposed to study the localization of the cells. We 

30 are using three different markers for endothelial cells because previous report has 
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showed variability in the expression of these endothelial markers in the 
hemangioendothelioma (Mentzel et al., 1997). 

Our observation of the accumulation of blood in the kidney glomeruli and lungs 
implies an increase in the permeability of the vasculature in the SMCRT mice. 
5 Therefore, to test for the changes in the microvascular permeability in different tissues 
we will use fluorescently labeled albumin following the protocols described previously 
(Harris et al., 2002). We will label albumin (Sigma) with FITC using the FluoroTag 
FITC Conjugation kit (Sigma). In brief, albumin (10 mg/ml) and FITC powder will be 
dissolved in carbonate-bicarbonate buffer. The FITC solution will be added slowly to 

10 the BSA and mixed for 2 hrs. The FITC-BSA conjugate will be separated from the free 
FITC by a G25 column. I have used this system previously for FITC labeling of CRT 
(Dai et al., 1997). The FITC-albumin or FITC alone will be injected in the tail vein of 
the transgenic SMCRT and non-transgenic litter mate mice. After 30 min (Harris et al., 
2002), these mice will be euthanized, lung, kidney, skin and heart will be collected 

15 and fixed for 10 min in 4% paraformaldehyde followed by freezing. Thin cryostate 
sections (6-10 /ym) will be generated. These sections will be mounted in a mounting 
media containing DAPI (a nuclear marker) to localize the cell nuclei. The fluorescence 
in these sections will then be analyzed. If there is an increase in vascular permeability 
we should see the FITC-albumin conjugate in the extravascular spaces. 

20 One of the pathological diagnoses associated with hemangioendothelioma is 

disseminated intravascular clotting associated with thrombocytopenia (decreased 
platelet count in circulating blood). Decreased levels of platelets, procoagulant 
proteins and protease inhibitors is the result of activation of the coagulation, 
degradation of coagulation factors accompanied by decreased synthesis of these 

25 factors. As shown in Fig. 5, 8, 9 we have observed an increase in the thrombus 
formation in different tissue of the SMCRT mice. Thus it is important to examine the 
changes in the blood clotting and factors involved in this process in these mice. We 
will examine CBC (blood cell count, and morphology), platelet counts, clotting time 
and hematocrit values. Furthermore, we will test the platelet aggregation 

30 characteristics in platelet rich fraction of blood from the SMCRT and wild type mice. If 
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we find changes in the platelet aggregation we will then evaluate the expression level 
of different proteins involved in the blood clotting pathway. We will use western blot 
analysis to test the level of fibrinogen, thrombin, Factor VIII and X. These tests will 
help us to identify the mechanism resulting in formation of thrombus in different 
5 tissues. 

To date all of the samples we analyzed were isolated from adult mice with fully 
developed disease or at end stage. Because in human this disease can also be found 
at an early age (found from 6 months to 74 years of age) (Gampper and Morgan, 
2002; Powell, 1999), we will determine when this tumor starts developing in the 

10 SMCRT mice. Thus we will carry out an age dependent study. In these studies we will 
use mice at different age starting from late embryonic age (E17 and E19), neonate (2 
days), 1 , 5 and 8 months old SMCRT mice. These mice will be first checked for the 
appearance of skin changes. They will then be euthanized and tumor, heart, major 
arteries (aorta, thoracic artery, and renal artery), lung and kidneys will be used for 

15 histological analysis. 

A summary of the possible mechanisms for the development of 
hemangioendothelioma in the SMCRT mice is outlined in Fig. 1. In the arterial wall of 
these mice the vascular smooth muscle cells (VSMC) are overexpressing CRT, while 
the endothelial (and other cells) have their basal expression of CRT. In the vessel 

20 wall, there is a dynamic interaction between the VSMC and the endothelial cells 
through the basement membrane which is made predominantly from collagen IV, 
laminin and heparan sulfate proteoglycans. A second layer of ECM known as 
interstitial matrix and is made from fibrillar collagen and fibronectin surrounding the 
VSMC and pericytes. Any change in the composition of these ECM will disturb the 

25 vessel wall structure. In the SMCRT vessel wall, the changes in the VSMC can be on 
multiple levels. We postulate a change in the composition of the ECM surrounding the 
VSMC cells due to either their decreased expression or increased degradation by 
active proteases. Indeed, overexpression of CRT has been shown to increase the 
secretion and activation of pro-MMP2 protein (Ito et al., 2001). CRT has also been 

30 shown to bind glycosylated laminin in the ER (McDonnell et al., 1996) perhaps 



22 



affecting its folding. Previously we have showed that overexpression of CRT results in 
increased cell spreading and adhesion (Opas et al., 1996; Fadel et al., 1999). Thus 
we anticipate an increased expression of adhesion proteins in the VSMC causing 
them to attach to the ECM and spread. Loss of cell-cell contact proteins in VSMC can 
5 result in an increased permeability of the vessel wall. Gap junctions are one of the 
means of cell-cell contacts between the VSMC and endothelial cell (Little et al., 1995; 
Xia et al., 1995). Connexin 37, 40 and 43 are the main gap junction proteins present 
in both VSMC (Arensbak et al., 2001; Cai et al., 2001; van Kempen and Jongsma, 
1999) and endothelial cells (Delorme et al., 1997; Simon and McWhorter, 2002; van 

10 Kempen and Jongsma, 1999). A recent report by Nakamura ef al., (Nakamura et al., 
2001a) showed that overexpression of CRT in the heart results in a significant 
decrease in the expression of connexin 40 and 43 in the cardiomyocytes. Indeed, we 
observed a significant decrease in the connexion 43 expression in vascular smooth 
muscle cells derived from the descending aorta (Fig. 14A) and in the hearts (Fig. 14B) 

1 5 of the SMCRT mice as compared to the wild type. Decreased connexin expression in 
the VSMC can result in altered communication via gap junction between the VSMC 
and endothelial cells thus affecting their function. 

The endothelial cells of the SMCRT vessel wall express basal level of CRT and 
according to the above predicted changes they are faced with a change in the ECM. 

20 Changes in the ECM have been shown to induce endothelial cell to release growth 
factors (Dvorak et al., 1995), thus increasing the rate of endothelial cell proliferation 
(Underwood et al., 1998) and migration (Seeger et al., 2002). Collectively the changes 
in the ECM and the endothelial layer of the vessel wall activate platelet adhesion to 
the vessel wall (Balleisen and Rauterberg, 1980) leading to platelet aggregation and 

25 blood clotting. Evidence of thrombus formation in different tissues of the SMCRT 
mouse (tumor, kidney and lung) has been observed. Adhesion of platelets to the 
vessel wall and formation of fibrin (by breakdown of fibrinogen) in the blood clot will 
also result in release of growth factors (Campbell et al., 1999; Tezono et al., 2001) in 
this site leading to increased endothelial cell proliferation and migration. This further 

30 activates the angiogenic process and formation of the tumor in these mice. 
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We are studying the mechanism of development of this tumor 
(hemangioendothelioma) with emphasis on role of CRT in the development of this 
disorder. It is known that hemangioendothelioma develops as a result of biphasic 
proliferation and migration of endothelial cells to form dilated vessels which is filled 

5 with erythrocytes, thrombus with latter invasion of epithelioid and mesenchymal cells 
(Perkins and Weiss, 1996). One of the mechanisms that overexpression of CRT in 
smooth muscle cells can lead to the vascular wall changes which cause the 
development of this tumor could be via altering the expression of the extracellular 
matrix (ECM) and adhesion molecules rendering the vessel walls leaky. The change 

10 in the local composition of ECM in vessel wall in addition to the shear force in the 
vessel wall has been shown to govern the ability of the endothelial cells to proliferate, 
migrate, differentiate and/or undergo apoptosis (Reviewed in Ingber, 2002). In the 
SMCRT mice the development of hemangioendothelioma depends on the abnormal 
cell growth and migration. Using histological techniques (Masson Trichrome, Fig. 

15 13B.C) we observed that the increased expression of CRT in the vascular smooth 
muscle cells leads to changes in this layer of the vessel wall leading to activation of 
endothelial cell proliferation and migration (Fig. 13C arrow). These changes in the 
endothelial cells could be the cause of development of hemangioma and increased 
angiogenesis observed in the SMCRT mice. 

20 Collagen (types I, III and IV) and elastin (mainly present in resistant arteries) 

are the major protein component of the ECM in the vessel wall (van der Rest and 
Garrone, 1991; Rosenbloom et al., 1993). Thus, in the initial experiments we will stain 
the paraffin embedded sections of different tissues of SMCRT and wild type mice with 
Van Gieson's Picric Acid stain to determine the changes in the collagen deposit in the 

25 microvasculature of different tissues. To detect the elastic fibers we will use the 
Elastic Stain (Sigma) which is a hematoxylin based stain. Staining of the paraffin 
sections will enable us to obtain good histological (and ultrastructural) details. 
Second, we will determine the temporal and spatial expression of ECM proteins 
including: elastin, collagen (I, III and IV), fibronectin, and laminin in the vessel walls of 

30 the SMCRT mice. Western blot with antibodies (available from Chemicon and 
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Calbiochem) to these specific proteins will be carried out on tissue homogenates from 
arteries, veins, myocardium, lung, kidney and the tumor. We will also carry out 
immunohistochemical staining of the SMCRT and wild type tissue sections with 
antibodies to ECM proteins. Tissues (listed above) will be fixed in 4% 
5 paraformaldehyde, embedded and frozen (as described in Mesaeli et al., 1999), then 
10-15 urn cryostat sections will be cut. The sections will be stained with antibodies to 
collagen I, III, IV, laminin, fibronectin, (available from Sigma and Chemicon) followed 
by staining using Vectastain Elite ABC kit and Vector DAB substrate (Vector Labs 
Inc.). The nuclei will be counter stained with methylgreen or hematoxylin for 

10 ultrastructural determination. 

The changes in the ECM are not only limited to changes in their expression, 
but also to the rate of turnover of these proteins. The turnover of ECM is essential for 
many processes including embryonic development, wound healing, tissue remodeling, 
and disease development (such as cancer and vascular disease). The turnover of 

15 ECM is mediated by the activity of different proteases including secreted matrix 
metalloproteinase (MMP). Because of the important function of MMPs in regulating 
cell migration and invasion, all the MMP are secreted as an inactive pro-MMP. A large 
number of MMP has been identified in different tissues, however only MMP- 1, 2, 3, 7 
and 9 have been reported in vascular tissue (Jacob et al., 2001). MMP-1 is a 

20 collagenase which is secreted by endothelial cells (Lin et al., 1997). MMP-2 and 
MMP-9, which are gelatinases, are secreted by endothelial and vascular smooth 
muscle cells (Gurjar et al., 1999; Ishii and Asuwa, 2000; Peracchia et al., 1997). 
MMP-7 is an elastase and has a low level of expression in the vascular wall (Jacob et 
al., 2001). The activities of these MMPs are tightly regulated by tissue inhibitor 

25 metalloproteases (TIMP). Four isoforms of TIMP have been found, TIMP-1 binds pro- 
MMP-9, TIMP-2 and -4 bind pro-MMP-2 (Brew et al., 2000). Therefore, we will 
examine for changes in the activity and the expression of MMPs and TIMPs in the 
arterial walls of the SMCf?7"mice and compare that to their wild type litter mate. In our 
preliminary data on MMP activity we used zymography techniques. As shown in 

30 Figure 15A, the activity of both MMP-2 and MMP-9 are increased in the tissues 
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isolated from the SMCRT mice as compared to wild type. In addition, we observed an 
increase in the MMP-2 activity in the primary smooth muscle cells isolated from the 
descending aorta from the transgenic mice as compared to the wild type mice (Fig. 15 
B). To determine if these changes in the MMP activity is due to changes in the 

5 protein expression or a decrease in the TIMP level we will quantifying the expression 
of MMP-2, -9 and TIMP-1, -2, -4 using western blot analysis and specific antibodies to 
these proteins (Calbiochem). If there were changes in the protein levels, we will 
determine if these changes are due to an increase in the mRNA level using 
quantitative RT-PCR. We will also determine the cellular localization of these 

10 proteases using immunohistochemical techniques (as described above). Interestingly, 
Ito et al. has recently showed that overexpression of CRT in human 
rhabdomyosarcoma cells resulted in an increase in the secretion and activation of 
pro-MMP2 (Ito et al., 2001). However, no data is available on other MMP or TIMP 
expression or the activity of any of these proteases when the expression of CRT is 

15 altered. Therefore, we propose to study the activity of MMP-2 and MMP-9 in the 
serum and in the media from the primary vascular smooth muscle cell cultures 
isolated from the SMCRT and wild type mice. One disadvantage of using cultured 
VSMC is that these cells in culture undergo phenotypic changes. However, we are 
interested to measure the release of the MMP proteins from the VSMC layer only not 

20 the whole artery. Therefore, to avoid this setback we will only use the first passage of 
these cells (as we have done in Fig. 15B). In our experiments we have isolated 
vascular smooth muscle cells (VSMC) from the descending aorta of the SMCRT and 
wild type mice using explant techniques. Because the MMPs are secreted from the 
cells we will separate the media from these VSMC to test for their activity. We will also 

25 harvest serum from the SMCRT and wild type mice to test for MMP activity. The MMP 
assay (available from Chemicon) utilizes a biotinylated gelatinase substrate which is 
cleaved by the active MMP-2 or MMP-9. The remaining biotinylated fragments are 
then measured in a colorimetric ELISA based assay using a biotin-strepavidin 
complex. 

30 Cell migration is essential during vascular development and vascular injury 
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(Noden, 1988; Poole and Coffin, 1989). Once endothelial cells differentiate, they 
proliferate and migrate and assemble to generate the vascular network. Cell migration 
is also important in recruiting the smooth muscle cells to the endothelial tubes for 
maturation of the blood vessel. Endothelial cell migration is also important in 
5 branching of the vessels during the process of wound healing (Reidy and Schwartz, 
1981) and in tumor angiogenesis (Sheu et al., 1997). In the development of 
hemangioendothelioma, endothelial cells and other cells (erythrocytes, epithelial and 
mesenchyme cells) have to migrate to form the tumor (Gampper and Morgan, 2002). 
How is this migration initiated? As outlined in Fig. 1, we propose that in the vessel wall 

10 of the SMCRT mice, the ECM structure is altered (perhaps by a decrease in the 
synthesis or accelerated degradation of ECM fibers). In these vessels, the endothelial 
cells (express only the endogenous level of CRT) will have less substrate (ECM) to 
adhere to thus promoting their migration, while VSMC will be more adherent and will 
not follow the migratory path of the endothelial cells. Indeed, previously we showed 

15 that overexpression of CRT renders the cells more adherent while decrease in CRT 
expression in these cells (using antisense oligo) resulted in less adhesion (Fadel et 
al., 1999). We also showed that overexpression of CRT in cultured cells increases the 
expression of vinculin and N-cadherin (adhesion proteins) (Opas et al., 1996), The 
SMCRT mouse model would be ideal to test the expression of different adhesion 

20 molecules in two different cell types expressing different levels of CRT. Here, we 
propose to measure the expression (by western blot) and localization (by 
immunohistochemistry) of different adhesion molecules including: integrins {atfi , 
av#j and a^Si), vinculin, and cadherins in the vascular wall of the. SMCRT mice as 
compared to the wild type mice. To study cell migration, we will isolate smooth muscle 

25 cells from the SMCRT and wild type mice as described above. The rate of cell 
migration will be tested using Boyden chambers containing filters with a pore diameter 
of 8 ixm (Costar, as described in Dai et al., 1997). Cell suspensions will be plated in 
the upper part of the chamber and incubated at 37 °C for 2-8 hours. The cells that 
migrate into the filters will be fixed, stained with Giemsa dye and counted. To test the 

30 effects of different ECM proteins (collagen, fibronectin, laminin) on the rate of cell 
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migration, the wells will be coated with different substrates and the above experiments 
will be repeated. 

To study the changes in the rate of cell proliferation in arterial wall and tumor in 
situ we will use bromo-2-deoxyuridine (BrdU) to label newly synthesized DNA. Wild 
5 type and SMCRT mice will be injected intraperitoneal^ with 0.2 ml of 15mg/ml BrdU 
(Roche Diagnostics) dissolved in 0.86% saline (Wigle et al., 1999). 2 hrs after 
injection these mice will be euthanized. We will harvest the tumor and the major 
thoracic arteries from the SMCRT mice, as a control we will isolate the major thoracic 
arteries from the wild type mice. These tissues will be fixed in 4% paraformaldehyde 

10 (PFA), frozen and cryosectioned. The sections will be denatured with 2N HCI and re- 
natured in 0.1 M Sodium Borate buffer pH 8.5 to denature DNA (Wigle et al., 1999). 
Sections will then be stained with monoclonal antibody to BrdU (BD Biosciences) and 
visualized with a FITC-secondary antibody. To determine if there is a cell specific 
difference in the cell proliferation we will use cell specific antibodies as markers to 

15 double label the tissue sections. We will use anti-CD31, CD34 (BD Biosciences) and 
von Willebrand factor (Dako) as endothelial cell markers, and anti-smooth muscle 
actin (Sigma) for smooth muscle cells. Each antibody will be visualized by using a 
Texas-Red conjugated secondary antibody. 

While the preferred embodiments of the invention have been described above, 

20 it will be recognized and understood that various modifications may be made therein, 
and the appended claims are intended to cover all such modifications which may fall 
within the spirit and scope of the invention. 
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